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Introduction

akirin and NuRD interact during skeletal myogenesis

Congenital heart defects are the most prevalent birth defect presented in the human
population, with an occurrence as high as 10 in 1000 live births. A number of these
cases have been ruled as sporadic or resulting from different interactions of many
independent genetic loci and alleles. Gene combinations and chromosomal changes
are known to play a crucial role in the development of congenital heart defects, but
the precise genetic and environmental factors involved in this process remain poorly
understood. Cardiac malformations have been reproduced in many different
experimental animal models, by manipulating the expression of different genes that
function in the developmental pathways involved in cardiac morphogenesis. The
Nowak Lab has discovered several genes and novel regulatory proteins that are
critical for embryonic heart development in Drosophila melanogaster to identify a
potential link to congenital heart defects in humans.
Among the metazoans, from fruit flies to humans, the heart is one of the earliest and
most fundamental organ structures to form during embryogenesis. Phylogenetically,
the heart, at its simplest, is a two-chambered tube. The heart of the fruit fly,
Drosophila melanogaster, as well as the human heart at its beginning forms as one
of these tubes. Notably, the genes, gene products, and morphogenetic events
directing the process of cardiac formation remains consistent in both insects and
humans. In Drosophila, the process of heart specification and formation is entirely
controlled by a number of transcription factors that work together with the nuclear
co-factor, Akirin, to mediate cardiac gene expression. Preliminary work in the Nowak
Laboratory found that Akirin likely regulates gene expression by working together
with the Nucleosome Remodeling and Deacetylase, or NuRD, complex. Embryos
bearing mutations in different NuRD subunits produce hearts, but they are often
severely misshapen, poorly patterned, and have reduced numbers of
cardiomyoblasts in the finished organ.
We used forward genetic techniques alongside confocal-based embryo imaging to
quantify, characterize, and categorize the various types of heart formation defects
that are observed in NuRD complex mutants. Finally, live, confocal-based imaging
techniques were utilized to assess whether these mutant hearts, possessing
relevant cardiac defects, are capable of coordinated contraction and/or blood flow.
We found that NuRD subunit mutants, in combination with akirin mutant lines,
exhibited severe defects in skeletal muscle patterning, as well as a range of cardiac
patterning and function phenotypes. Taken together, these results suggest that
Akirin/NuRD interactions are crucial not only for skeletal and cardiac muscle
patterning, but also cardiac function.

akirin mutants display various defects in heart and
skeletal muscles

mi-2 mutant hearts exhibit fewer coordinated
contractions
Wild type and mutant mi-2, toll-cGFP embryos
were collected, dechlorinated, and mounted with
hydrocarbon oil for imaging. Embryos were then
assessed for the presence of the ring gland as a
control for embryonic age.
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Mi-2 and akirin heterozygotes do not display skeletal patterning defects alone. A double
heterozygote interaction screen was performed between akirin and mi-2, a component
of the NuRD (Nucleosome Remodeling and Deacetylase) complex. Mi-2 and akirin
double heterozygotes show misattached, missing, or malformed muscles.
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akirin, Mi-2 double heterozygous hearts display
reduced cardiac cells
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Line scans were acquired every 20 milliseconds for 33 minutes (100,000 cycles). 3
embryos for each genotype were imaged. Shown are representative portions of full
scans, corresponding 100s of total imaging (1 pixel = 20ms)
Coordinated contractions
(symmetrical contractions of
the dorsal vessel) and
uncoordinated contractions
(asymmetrical contractions of
the ventricle wall) were
counted over a period of 33
minutes and analyzed. Wildtype embryos displayed more
coordinated contractions
when compared to the
mutant embryos. Mi-2
mutants also displayed far
less contractions.

Mi-2 wild type, mi-2 mutant, and akirin, mi-2 double heterozygote embryos were stained
with antibodies against Tinman. Abnormal cardiomyoblast positioning and patterning
was observed. Arrowheads indicate reduced numbers of Tinman-expressing
cardiomyoblasts. Mean cardiomyoblast counts are represented as a solid blue line in
the boxes shown.

Do NuRD mutants have heart function defects?
Given that the skeletal muscle patterning defects and heart phenotypes of NuRD
subunit mutant embryos appear highly similar, and that akirin mutant hearts display a
severe lack of coordinated contractions (Howard et al, 2021), we were therefore curious
to determine if cardiac contractions were also severely affected in Mi-2 mutant hearts.

The toll-cGFP transgene is a robust live marker for heart
contractions
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Double heterozygote analysis of akirin,+/+,Mi-2 embryos indicates that cardiac function
is similarly impaired. Heart contractions of the dorsal vessel (coordinated and
uncoordinated) were counted over a period of 33 minutes and analyzed.

Conclusions

akirin mutants display abundant defects in muscle development, including
misattached (ii), duplicated (iii), and missing (iv) muscles. The embryos were stained
with antibodies against myosin heavy chain (MHC) to visualize muscles. Scale bar =
20 microns (Nowak et al 2012).

1. akirin plays a key role in heart development and is crucial for proper embryonic
heart development in Drosophila melanogaster.
2. The NuRD complex interacts with Akirin during myogenesis.
3. Mi-2 mutants possess abnormal cardiac morphology.
4. Mi-2 mutant hearts have severely reduced numbers of contractions. The reduced
contractions are highly uncoordinated..
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Tinman positive cardiomyoblasts are abnormally patterned in akirin mutants (B,D)
versus wild type (A,C). Gaps in the dorsal vessel field can be observed in akirin
mutants (D) as well as reduced numbers of Tinman positive nuclei in stage 17
embryos (E). Scale bar = 20 microns (A,B); 10 microns (C,D).
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To better visualize the heart, a transgene consisting of the toll promoter driving
cytoplasmic GFP (generously provided by R. Schulz) was recombined onto the Mi-2
mutant chromosome. Shown are stage 16 embryos carrying the toll-cGFP transgene.
The embryos were stained with antibodies against myosin heavy chain (MHC) as well as
GFP. Scale bar in all images = 20 microns.

